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Annuity  Studies 


CHAPTER  I. 

Rules,  Formulas  and  Typical  Problems 

A.  ACCUMULATION  OF  AN  AMOUNT 

Rule: 

The  accumulation  of  $1.00  at  interest  is  found  by  multiplying 
one  plus  the  rate  by  itself  as  many  times,  less  one,  as  there  are 
periods. 

Formula: 

(l+r)» 

Typical  Problem: 

Required  the  accumulation  of  $200.00  in  10  years  @  4%. 

B.  COMPOUND  INTEREST 

Rule: 

The  compound  interest  on  $1.00  is  found  by  multiplying  one 
plus  the  rate  by  itself  as  many  times,  less  one,  as  there  are  periods, 
and  then  subtracting  the  principal,  one. 

Formula: 

(l+r)°-l 

Typical  Problem: 

Required  the  compound  interest  on  $500.00  for  4  years  @  6%. 
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C.     PRESENT  WORTH  OF  AN  AMOUNT 

Rule: 

The  present  worth  of  $1.00  is  found  by  dividing  one  by  the 
accumulation  of  $1.00  at  compound  interest  (A). 

Formula: 

1 


(l+r)° 

Typical  Problem: 

Required  the  present  worth  of  $1,000.00  due  4  years  hence, 
money  being  worth  5%. 


D.     DISCOUNT  ON  AN  AMOUNT 

Rule: 

The  discount  is  found  by  subtracting  the  present  worth  (C) 
from  the  principal. 

Formula: 

1 
1  — 


Typical  Problem: 

Required  the  discount  on  $500.00  due  in  3  years  at  5%. 


E.     ACCUMULATION  OF  AN  ANNUITY 

Rule: 

The  accumulation  of  an  annuity  of  $1.00  is  found  by  dividing 
the  compound  interest  (B)  by  the  rate  of  nominal  interest. 

Formula: 

{1+rY-l 

r 
8 


Typical  Problem: 

What  will  be  the  accumulation  of  $200.00  per  year  in  4  years 
at  3%. 


F.     PRESENT  WORTH  OF  AN  ANNUITY 

Rule: 

The  present  worth  of  an  annuity  is  found  by  dividing  the 
discount  (D)  by  the  rate  of  nominal  interest. 

Formula: 

1 

1 


(1+r)'^ 


r 
Typical  Problem: 

Required  the  present  worth  of  an  annuity  of  $200.00  per  year 
with  4  years  to  run  at  3%. 


G.     AMOUNT  OF  AN  ANNUITY  (SINKING  FUND) 

Rule: 

The  amount  of  an  annuity,  or  the  sinking  fund,  which  will 
produce  one  dollar  is  found  by  dividing  the  nominal  interest  by 
the  compound  interest   (B). 

Formula: 


(l+r)°-l 

Typical  Problem: 

Required  the  amount  of  a  sinking  fund  which  will  produce 
$540.00  in  3  years  at  6%. 
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H.  RENT  OF  AN  ANNUITY.  (The  amount  which,  when 
periodically  applied  to  an  interest  bearing  principal,  will 
amortize  it  in  a  given  time.) 

Rule: 

To  find  the  rent  of  an  annuity  of  $1.00,  divide  the  rate  by 
the  discount  (D). 

Formula: 


1  — 


in 


(l+r)- 
Typical  Problem: 

"A"  owes  $10,000.00  with  interest  at  6%.  What  uniform 
amount  should  he  pay  annually  for  5  years  to  cover  the  obligation  ? 

I.     PREMIUM  OR  DISCOUNT 

Rule: 

To  find  the  premium  or  discount  on  a  $1.00  bond  or  similar 
obligation : 

(a)  Divide  the  difiFerence  between  the  nominal  and  efifective 
rates  of  interest  by  the  effective  rate  and  multiply  by  the  dis- 
count (D). 

Formula: 

Premium : 

nr — er    /  1 


0 — —) 

\         ri4-er~)°    / 


er         \         (1+er)' 
Discount : 

er — nr    /  1 


(' — —) 


er         V  (1+er)' 

Typical  Problem: 

Premium:    A  5%  bond,  with  2  years  to  run,  is  sold  to  net 
the  investor  4%%.     What  is  the  premium? 

Discount:     A  4%%  bond,  with  4  years  to  run,  is  sold  to 
net  the  investor  5%.    What  is  the  discount? 
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J.     RESIDUAL  VALUE 

Rule: 

The  amount  to  which  a  given  amount  may  be  reduced  in  a 
given  number  of  periods  at  a  given  rate  is  found  by  subtracting 
the  rate  from  one ;  raising  the  remainder  to  the  power  equivalent 
to  the  number  of  periods,  and  multiplying  by  the  given  amount. 

Formula: 

A(l— r)° 
Typical  Problem: 

What  is  the  residual  value  of  a  machine  costing  $1200.00 
depreciated  at  10%  on  reducing  balances  for  5  years? 


K.     RATE  OF  REDUCTION,  OR  DEPRECIATION 

Rule: 

The  rate  which  will  reduce  a  given  amount  to  a  lesser  amount 
(residual)  in  a  given  number  of  periods  is  found  by  dividing  the 
residual  by  the  given  amount  and  extracting  the  root  equivalent 
to  the  number  of  periods,  then  subtracting  this  amount  from  one. 

Formula: 


1       n/     R 

Typical  Problem: 

An  automobile  costing  $2,000.00  has  a  life  of  3  years  and  a 
residual  value  of  $1,024.00.  What  is  the  rate  of  depreciation  on 
decreasing  balances? 
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CHAPTER  II. 

Illustrative  Problems. 

GROUP  I. 

1.  If  money  is  worth  6%,  what  will  $3,000  amount  to  in  4 
years  if  the  interest  is  collected  semi-annually  and  re-invested 
promptly  ? 


2.    What  is  the  present  worth  of  $30,000  payable  in  4  years 
if  money  is  worth  6%? 


3.  If  you  receive  an  annuity  of  $10,000  per  year,  payable 
annually  at  the  end  of  each  year,  how  much  would  you  have  at 
the  end  of  3  years  provided,  however,  that  the  3rd  payment  had 
not  been  received  and  that  you  had  re-invested  the  money  as  soon 
as  received  at  5%  annually? 


4.    If  money  is  worth  6%,  what  is  the  value  of  an  annuity 
of  $2,000  with  4  years  to  run? 


5.    What  is  the  present  worth  of  $18,000  due  in  5  years  at 
4%? 
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GROUP  II. 


1.     What  is  the  residual  value  of  a  machine  costing  $4,000.00 
in  5  years  at  10%? 


2.    What  is  the  residual  value  of  a  machine  costing  $3,000.00 
in  4  years  at  15%  ? 


3.  The  Smith  Manufacturing  Company  acquires  an  auto- 
mobile for  $1,500.00.  They  anticipate  trading  it  in  on  another 
machine  in  2  years  at  a  value  of  $486.00.  What  is  the  rate  of 
depreciation  on  decreasing  balances? 


4.     Suppose  the  cost  was  $4,000.00  and  the  residual  value 
$1,687.50. 


5.  Which  is  the  better  purchase,  and  what  is  the  saving 
during  each  of  the  first  3  years,  on  a  machine  costing  $2,000.00 
with  a  4  years  life  and  a  residual  value  of  $819.20,  over  a  machine 
costing  $1,800.00  having  a  3  years  life  with  a  residual  value  of 
$1029.22. 
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GROUP  III. 


1.  Jno.  Smith  has  an  obligation  of  $19,500.20  due  2  years 
hence.  What  amount  should  he  invest  at  intervals  of  six  months 
in  order  to  accumulate  the  desired  amount  if  he  is  able  to  secure 
5%  interest  on  his  investment? 


2.  Jones  is  entitled  to  an  annuity  of  $50,000  per  year  for 
two  years  payable  in  quarterly  installments.  How  much  would 
you  be  willing  to  pay  for  this  annuity  if  money  were  worth  5% 
and  the  next  installment  were  due  3  months  from  today? 


3.  An  arrangement  is  made  whereby  $15,000  is  deposited 
every  six  months  in  a  trust  company  at  3%  interest.  Provided 
that  these  deposits  are  continued  for  8  periods,  what  would  be 
the  amount  of  the  sinking  fund? 


4.    What  is  the  present  worth  of  $1,000  due  in  6  years  at  6%  ? 


5.  What  is  the  present  worth  of  the  interest  which  would  be 
received  on  five  $1,000  bonds  bearing  6%  interest,  due  in  4  years 
if  money  is  worth  6%? 
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GROUP   IV. 


1.  The  John  Doe  Investment  Company  contemplates  loan- 
ing approximately  $20,000  to  the  Appleby  Manufacturing  Co. 
and  receiving  therefrom  $1,000,  5%  gold  bonds.  They  desire  a 
return  of  6%  on  their  money;  what  is  the  exact  amount  they  will 
loan  which  will  nearest  equal  $20,000  and  how  many  bonds  will 
they  receive?    Time,  10  years. 


2.  Which,  if  either  of  the  following  amounts  correctly  rep- 
resent the  value  of  ten  4%%  bonds  due  in  3  years  on  a  4%  basis, 
interest  payable  semi-annually?     A,  $10,138.75;  B,  $9,859.96. 


3.  (a)  What  premium  should  be  paid  on  five  $1,000  bonds 
maturing  in  3  years  with  interest  at  5%  payable  semi-annually  on  a 
4%'%  basis  ? 


(b)   How  much  would  be  the  discount  on  a  6%  basis? 


(c)  Suppose  that  the  bonds  bore  4%  interest,  payable  semi- 
annually, what  would  be  the  amount  of  the  discount  ? 


4.  You  are  offered  five  $1,000  5%  bonds  payable  in  3  years 
at  1013/8  and  five  $1,000  41/2%  bonds  payable  in  3  years  at  lOli/g. 
Which  is  the  better  purchase,  presuming  that  4i/2%  on  the  first 
group  of  bonds  and  4%  on  the  second  group  of  bonds  are  fair 
rates  of  return  considering  the  nature  of  the  investment  ? 


5.    Prepare  a  table  showing  the  amortization  of  a  6%  bond 
on  a  5%  basis  for  4  years. 
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GROUP  V. 

1.  Bonds  due  in  2  years  bearing  6%  interest,  payable  semi- 
annually, and  yielding  S^^"  each  half  year  are  worth  1.01881. 
Prepare  an  amortization  table  showing  the  value  in  this  bond  for 
each  half  year  of  the  two  years. 


2.    Required  the  ledger  accounts  in  detail  to  record  the  fol- 
lowing transactions: 

10,  4%  bonds  are  purchased  on  a  given  date,  just  after  the 
interest  coupons  for  that  date  had  been  removed,  at  87%. 
Nine  months  later  the  bonds  were  sold  for  88^2  ^ynd  interest. 
What  was  the  profit? 


3.  (a)  $5,000  of  4%%  bonds,  interest  payable  semi-annually, 
with  two  years  to  run,  were  purchased  for  $4,850.  The  purchaser 
estimated  that  the  bonds  would  net  him  3%  per  half  year.  To 
what  amount  did  he  err  in  his  estimate? 

(b)  Three  months  later  he  is  offered  97%  and  interest  for 
his  bonds.  Presuming  that  he  sells  the  bonds,  what  entries  will 
be  required  on  his  books. 


4.  A  piece  of  real  property  is  being  sold,  subject,  however, 
to  the  rights  of  a  life  tenant.  The  remainderman  estimates  that 
the  property  is  worth  $10,000.  Presuming  that  the  life  tenant's 
equity  runs  for  6  years  and  that  the  property  produces  6%  on  the 
estimated  value,  what  amount  should  be  paid  to  the  life  tenant  to 
satisfy  both  the  life  tenant  and  the  remainderman  ? 


5.    Given  a  15  year  annuity  of  $60.00,  the  first  payment 
of  which  falls  due  one  year  hence. 
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(a)  What  is  the  value  of  the  annuity  at  5%? 

(b)  What   amount   will   accumulate   during  the   period   if 
each  moiety  is  reinvested  as  it  becomes  due. 

Assume  interest  at  the  rate  of  5%,  payable  annually. 


6.  What  amount  will  be  required  to  produce  $20,000  in  10 
years,  provided  $2,000  per  year  has  been  set  aside  for  three  of 
the  10  years  and  that  these  amounts,  with  the  future  annual  pay- 
ments of  the  remaining  7  years,  bear  4%  interest? 
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CHAPTER  III. 
General  Problems. 

1.  Required  the  present  worth  of  an  annuity  of  $50.00,  the 
first  payment  of  which  falls  due  one  year  hence  and  continues 
for  25  years.    Interest  5%, 

2.  If  each  moiety  of  the  preceding  question  were  invested 
promptly,  what  would  be  the  accumulation  at  the  end  of  the 
period  ? 

3.  You  have  been  requested  to  advise  the  amount  of  a 
sinking  fund  which  will  produce  $500,000.00  in  25  years,  amounts 
to  be  invested  annually  at  5%.    What  is  the  amount? 

4.  A  corporation  has  outstanding  an  issue  of  20-year  6% 
bonds,  with  10  years  to  run,  which  were  sold  to  net  the  investor 
5%.  They  now  have  an  opportunity  to  buy  $100,000.00  of  these 
bonds  at  102.  Is  it  advisable  for  them  to  buy?  If  so,  what  will 
they  save,  also  what  entries  should  be  made  on  their  books  of 
account  to  record  the  purchase? 

5.  Under  the  terms  of  an  agreement,  a  debt  of  $100,000.00 
with  interest  at  5%  is  to  be  paid  as  follows:  Nine  equal  annual 
payments  and  a  tenth  payment  of  $12,000.00.  What  is  the  amount 
of  the  annual  payments? 

6.  What  should  be  paid  for  a  6%  bond,  interest  payable 
semi-annually  with  3  years  to  run,  if  it  is  to  net  5%  ? 

7.  What  is  the  present  worth  of  an  annuity  of  $700.00  for 
7  years  at  5%  ? 

8.  Find  the  annuity  whose  amount  for  25  years  at  6%  is 
$16,459.35. 
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9.  A  man  bought  a  tract  of  land  for  $4,800.00  which  was 
to  be  paid  in  installments  of  $600.00  per  year.  How  much  money 
at  6%  interest  (compound)  would  discharge  the  debt  at  the  time 
of  purchase? 


10.     Required  the  present  worth  of  the  following  annuities: 
Amount        Periods       Rate 

A.  $500.00  12  2% 

B.  800.00  6  4% 

C.  500.00  11         11/2% 


11.     Ascertain  the  accumulation  of  the  amounts  in  question 
10  at  the  rates  and  for  the  periods  given. 


12.     What  is  the  rent  of  an  annuity  of  15  periods,  if  the 
present  worth  is  $1,200.00  and  the  rate  11/2%? 


13.     What   amount,   set   aside   semi-annually,   will   produce 
$1,000.00  in  12  years  at  4%  interest? 


14.     If  interest  at  6%  per  annum  is  paid  monthly,  what  is 
the  effective  rate? 


15.  If  a  person  receives  $15.00  per  quarter  on  $1,000.00, 
what  is  the  effective  rate  of  interest  per  annum? 

16.  Which  is  the  more  valuable  and  how  much:  $8,160.00 
payable  annually  or  $2,000.00  each  quarter,  interest  5%  ? 

17.  If  money  is  worth  5%  per  annum,  what  rate  should  be 
quoted  where  payments  are  to  be  made  quarterly? 

18.  If  a  4%  bond  nets  2%%  semi-annually  what  is  its  value 
— 5  years  to  run? 
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19.     As  above,  but  3%  netting  2%%  semi-annually — 7  years 
to  run? 


20.     Same  as  above,  but  5%  netting  6%  annually — 12  years 
to  run. 


21.  Same  as  No.  20  but  netting  3%%  semi-annually? 

22.  Prepare  a  table  showing  the  annual  book  values  and 
the  amortization  of  a  6%  bond  netting  2^/2%  semi-annually — 9 
years  to  run. 

23.  On  March  1st,  1918,  $30,000.00  3%  bonds,  due  July 
1st,  1920,  J.  &  J.,  were  sold,  netting  4%.    What  is  the  price  flat? 

24.  What  are  the  intermediate  payments  on  an  obligation 
of  $200,000.00  bearing  6%  interest,  payable  $20,000.00  cash:  9 
equal  annual  payments  and  a  final  payment  in  10  years  of  $8,000.00. 


25.     If,  in  question  24,  the  final  payment  had  been  $28,000.00, 
what  would  have  been  the  amount  of  the  9  intermediate  payments  ? 


26.  What  will  be  the  residual  value  of  a  machine  costing 
$5,000.00  with  an  estimated  life  of  12  years,  depreciated  at  15% 
annually  ? 


27.     What  rate  should  be  used  in  problem  No.  26  to  produce 
a  residual  value  of  $1,315.00  in  10  years? 


28.  What  is  the  bid  on  $100,000.00  5%  bonds  maturing 
at  the  end  of  3  years,  interest  payable  semi-annually,  to  net  the 
purchaser  a  nominal  rate  of  4%  ? 
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29.  What  is  the  bid  on  $100,000.00  3%  bonds  maturing  at 
the  end  of  6  years,  interest  payable  semi-annually,  to  net  the 
purchaser  a  nominal  rate  of  4%  ? 

30.  On  August  1st,  1919,  $5,000.00  5%  bonds,  due  April  1st, 
1921,  are  offered  at  prices  to  yield  4%%.  What  is  the  price  "and 
interest"? 
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